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Abstract. The Tsallis statistics was applied to describe the experimental data on the transverse momentum
distributions of hadrons. We considered the energy dependence of the parameters of the Tsallis-factorized
statistics, which is now widely used for the description of the experimental transverse momentum distribu-
tions of hadrons, and the Tsallis statistics for the charged pions produced in pp collisions at high energies.
We found that the results of the Tsallis-factorized statistics deviate from the results of the Tsallis statistics
only at low NA61/SHINE energies when the value of the entropic parameter is close to unity. At higher
energies, when the value of the entropic parameter deviates essentially from unity, the Tsallis-factorized
statistics satisfactorily recovers the results of the Tsallis statistics.
PACS. 13.85.-t Hadron-induced high- and super-high-energy interactions – 13.85.Hd Inelastic scattering:
many-particle final states – 24.60.-k Statistical theory and fluctuations
1 Introduction
There is currently great interest in analyzing the experi-
mental data on the transverse momentum distributions of
hadrons created in the proton-proton and heavy-ion col-
lisions at high energies by different approximations of the
Tsallis statistics [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16].
The momentum distribution of the Tsallis-factorized statis-
tics given in [5,6] is very useful for the description of the
experimental data because of its simple analytical formula.
Although the momentum distributions of the Tsallis-factorized
statistics were successfully used in analyzing the experi-
mental data, the Tsallis statistics itself [17,18] has not
been applied to the treatment of the transverse momen-
tum distributions of hadrons yet (see Ref. [19] and refer-
ences therein).
The Tsallis statistics [17,18] is defined on the basis of
the constrained extrema of the Tsallis entropy generalized
from the Boltzmann-Gibbs entropy with respect to the
many-body distribution functions. However, the Tsallis-
factorized statistics [5,6] is defined on the basis of the
constrained extrema of the Tsallis entropy of the ideal
gas generalized from the Boltzmann-Gibbs entropy of the
ideal gas with respect to the single-particle distribution
functions. These two statistics give the different results for
the thermodynamic quantities. It should be stressed that
these two different extremizations give the same results
for the mean occupation numbers only in the Boltzmann-
Gibbs statistics. But, for the Tsallis statistics this prop-
erty of the ideal gas of the Boltzmann-Gibbs statistics is
not preserved. Thus, the Tsallis-factorized statistics and
the Tsallis statistics are not equivalent. They are differ-
ent [19]. The Tsallis statistics [17] is thermodynamically
self-consistent in the thermodynamic limit. This was demon-
strated in the framework of the different statistical en-
sembles in Refs. [20,21,22,23]. The main theoretical diffi-
culty of the Tsallis-factorized statistics is that the Tsallis-
factorized statistics is defined only for a particular case
of the ideal gas and that for each statistics of particles
(Maxwell - Boltzmann, Bose-Einstein and Fermi-Dirac)
the entropy of the Tsallis-factorized statistics is redefined.
The analytical expression for the ultrarelativistic trans-
verse momentum distribution of the Tsallis statistics was
obtained in [19]. It was demonstrated that the transverse
momentum distribution of the Tsallis-factorized statis-
tics [5,6], which is used for the description of the experi-
mental transverse momentum spectra of hadrons at high
energies, in the ultrarelativistic case is not equivalent to
the transverse momentum distributions of the Tsallis and
the Tsallis-2 statistics. This distribution is similar only
to the transverse momentum distribution of the Tsallis-
2 statistics in the zeroth term approximation and to the
transverse momentum distribution of the Tsallis statistics
in the zeroth term approximation with transformation of
the parameter q to the parameter 1/qc.
The main purpose of this study is to apply the analyt-
ical expression for the ultrarelativistic transverse momen-
tum distribution of the Tsallis statistics given in Ref. [19]
to describe the experimental data for the charged pions
measured in pp collisions at LHC and RHIC energies and
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to compare numerically the parameters of the Tsallis statis-
tics with the parameters of the Tsallis-factorized statis-
tics [5,6] at different energies of pp collision.
The structure of the paper is as follows. In Section 2,
we define the formulas and analyze the data and the re-
sults. The main conclusions are given in the final section.
2 Transverse momentum spectrum
Let us compare numerically the transverse momentum
distributions of the Tsallis statistics with the transverse
momentum distributions of the Tsallis-factorized statis-
tics and apply them to describe the experimental data
for the charged pions produced in pp collisions with en-
ergy in the range from
√
s = 6.3 GeV to 7000 GeV. In
this paper, we consider only the ultrarelativistic case. The
single-particle distribution function of the transverse mo-
mentum pT and rapidity y for the Maxwell-Boltzmann
ultrarelativistic ideal gas of the Tsallis statistics in the
grand canonical ensemble can be written as (see Ref. [19])
d2N
dpTdy
=
gV
(2pi)2
p2T cosh y
N0∑
N=0
ω˜N
N !
h0(0)
[
1 +
q − 1
q
Λ− pT cosh y + µ(N + 1)
T
] 1
q−1
+3N
, (1)
where
h0(0) =
(
q
1−q
)3N
Γ
(
1
1−q
− 3N
)
Γ
(
1
1−q
) , q < 1 (2)
and
h0(0) =
(
q
q−1
)3N
Γ
(
q
q−1
)
Γ
(
q
q−1
+ 3N
) , q > 1. (3)
Here, ω˜ = gV T 3/pi2, µ, T and V are the chemical poten-
tial, the temperature and the volume, respectively, g is the
spin degeneracy factor and q ∈ R is a real parameter tak-
ing values 0 < q <∞. The norm function Λ is determined
from the norm equation
N0∑
N=0
ω˜N
N !
h0(0)
[
1 +
q − 1
q
Λ+ µN
T
] 1
q−1
+3N
= 1, (4)
where the upper bound of summation N0 for q < 1 follows
from the inequality N < 1/(3(1 − q)) and the inflection
point of the logarithm of the function
φ(N) =
ω˜N
N !
h0(0)
[
1 +
q − 1
q
Λ+ µN
T
] 1
q−1
+3N
, (5)
i.e., from the following equation ∂2 lnφ(N)/∂N2 = 0 for
which N = N0 is the solution. For q > 1 the upper
bound of summation N0 follows from the Tsallis cut-off
prescription [24]. This means that we impose the condi-
tion 1 + (q − 1)(Λ + µN)/qT > 0 in Eq. (4) and the in-
equality 1 + (q − 1)(Λ− pT cosh y + µ(N + 1))/qT > 0 in
Eq. (1).
It should be stressed that in the case of q < 1 we
have two possibilities to find the cut-off parameter N0 in
Eqs. (1) and (4). We can find N0 from the local minimum
of the function lnφ(N) or from the inflection point of this
function. In this paper, we fix the cut-off parameter N0
from the inflection point of the function lnφ(N).
Note that in the Gibbs limit q → 1, Eq. (1) recovers the
Maxwell - Boltzmann transverse momentum distribution
of the Boltzmann - Gibbs statistics
d2N
dpTdy
=
gV
(2pi)2
p2T cosh y e
−
pT cosh y−µ
T . (6)
The ultrarelativistic distribution function (1) of the
Tsallis statistics given in the rapidity range y0 < y < y1
can be written as [19]
d2N
dpT dy
∣∣∣∣
y1
y0
=
gV
(2pi)2
p2T
y1∫
y0
dy cosh y
N0∑
N=0
ω˜N
N !
h0(0)
[
1 +
q − 1
q
Λ− pT cosh y + µ(N + 1)
T
] 1
q−1
+3N
. (7)
The zeroth term approximation of the Tsallis statistics
for q < 1 defined in [19] corresponds to N0 = 0 in Eqs. (1),
(4) and (7). In this case, the norm function Λ = 0 and the
transverse momentum distribution (1) is rewritten as
d2N
dpTdy
=
gV p2T cosh y
(2pi)2
[
1− q − 1
q
pT cosh y − µ
T
] 1
q−1
.
(8)
In the Gibbs limit q → 1, Eq. (8) resembles the Maxwell -
Boltzmann transverse momentum distribution of the Boltz-
mann - Gibbs statistics (6). Note that the finite energy for
the Tsallis statistics and the Tsallis statistics in the zeroth
term approximation leads to the constraint that q > 3/4
(see Ref. [19]).
It should be stressed that the transverse momentum
distribution for the Maxwell-Boltzmann ultrarelativistic
ideal gas of the Tsallis-factorized statistics, which was de-
fined in Ref. [6]
d2N
dpT dy
=
gV p2T cosh y
(2pi)2
[
1 + (qc − 1)pT cosh y − µ
T
] qc
1−qc
,
(9)
exactly coincides with the transverse momentum distribu-
tion (8) of the Tsallis statistics in the zeroth term approx-
imation with transformation of the parameter qc to 1/q
(see Ref. [19]). Thus, the momentum distribution for the
ultrarelativistic ideal gas of the Tsallis-factorized statis-
tics [5,6] is equivalent to the momentum distribution of
the Tsallis statistics in the zeroth term approximation.
Here the parameter q from Ref. [6] was denoted as qc. Note
that the zeroth term approximation is valid only at large
deviations of q from unity [19]. The parameter qc for the
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Fig. 1. (Color online) Transverse momentum distributions
of pi− pions produced in pp collisions as obtained by the
NA61/SHINE Collaboration [25] at
√
s = 6.3, 7.7, 8.8, 12.3 and
17.3 GeV in the rapidity range 0 < y < 0.2. The solid curves
are the fits of the data to the Tsallis ultrarelativistic distribu-
tion (7). The numbers at lines denote the scaling factor.
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Fig. 2. (Color online) Transverse momentum distributions of
pi− and pi+ pions produced in pp collisions as obtained by the
PHENIX Collaboration [26] at
√
s = 200 and 62.4 GeV at
midrapidity. The solid curves are the fits of the data to the
Tsallis ultrarelativistic distribution (11) at rapidity y = 0. The
numbers at lines denote the scaling factor.
ultrarelativistic ideal gas of the Tsallis-factorized statis-
tics is restricted by the condition qc < 4/3 (see Refs. [10,
19]).
The ultrarelativistic distribution (9) of the Tsallis- fac-
torized statistics given in the rapidity range y0 < y < y1
can be rewritten as
d2N
dpTdy
∣∣∣∣
y1
y0
=
gV p2T
(2pi)2
y1∫
y0
dy cosh y
×
[
1 + (qc − 1)pT cosh y − µ
T
] qc
1−qc
. (10)
Figure 1 represents the transverse momentum distri-
bution of pi− pions produced in the pp collisions as ob-
tained by the NA61/SHINE Collaboration [25] at
√
s =
6.3, 7.7, 8.8, 12.3 GeV and 17.3 GeV in the rapidity inter-
val 0 < y < 0.2. The symbols represent the experimental
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Fig. 3. (Color online) Transverse momentum distributions of
pi−, pi+ and pi++pi− pions produced in pp collisions as obtained
by the ALICE Collaboration at
√
s = 0.9 TeV [27] and
√
s = 7
TeV [28] in the rapidity interval |y| < 0.5. The solid curves are
the fits of the data to the Tsallis ultrarelativistic distribution
(7).The numbers at lines denote the scaling factor.
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Fig. 4. (Color online) Transverse momentum distribution of
pi+ + pi− pions produced in pp collisions as obtained by the
ALICE Collaboration [29] at
√
s = 2.76 TeV in the rapidity
interval |y| < 0.8. The solid curves are the fits of the data
to the Tsallis ultrarelativistic distribution (7) divided by the
geometrical factor 2pipT .
data. The solid curves are the fits of the experimental
data to the distribution function of the Tsallis statistics
(7). The values of the parameters of the distribution func-
tion (7) of the Tsallis statistics are summarized in Ta-
ble 1 and the values of the parameters of the distribution
function (10) of the Tsallis-factorized statistics are given
in Table 2. The Tsallis and the Tsallis-factorized curves
practically coincide and give a good description of the ex-
perimental data. The transverse momentum distribution
of pi− pions at NA61/SHINE energies has the power law
form; however, the values of the parameter q are close to
unity. The temperature T of the massless pions for the
Tsallis-factorized statistics is high and is approximately
T ∼ 100 MeV. However, the temperature T of the Tsal-
lis statistics is lower than that of the Tsallis-factorized
statistics and is approximately T ∼ 80 MeV. The values
of the radius R are large in comparison with the geomet-
rical sizes of the system composed of two protons. How-
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ever, the radius R of the Tsallis-factorized statistics prac-
tically coincides with the radius R of the Tsallis statistics
and is approximately R ∼ 4.5 fm. At the energies of the
NA61/SHINE Collaboration the values of the parameter
q = 1/qc of the Tsallis-factorized statistics differ from the
values of the parameter q of the Tsallis statistics. Note
that the experimental data of the NA61/SHINE Collab-
oration were fitted to the transverse momentum distribu-
tion of the Tsallis-factorized statistics for massive particles
in Refs. [8,10]. For the massless particles the temperature
is slightly higher than the temperature of the massive par-
ticles. The radius R of the system for massless particles
is smaller than the radius for the massive particles and
the parameter qc is almost the same (see Table 2 of the
present paper and Table 1 in Ref. [10]).
Figure 2 represents the transverse momentum distri-
butions of pi− and pi+ pions produced in the proton-proton
collisions as obtained by the PHENIX Collaboration [26]
at
√
s = 200 and 62.4 GeV at midrapidity. The symbols
represent the experimental data of the PHENIX Collab-
oration. The solid curves are the fits of the experimental
data to the distribution function of the Tsallis statistics
(1) divided by the geometrical factor 2pipT :
1
2pipT
d2N
dpT dy
=
gV pT cosh y
(2pi)3
N0∑
N=0
ω˜N
N !
h0(0)
[
1 +
q − 1
q
Λ− pT cosh y + µ(N + 1)
T
] 1
q−1
+3N
. (11)
The values of the parameters of the distribution func-
tion of the Tsallis statistics (11) are given in Table 1 and
the values of the parameters for the distribution function
of the Tsallis-factorized statistics (9) divided by the ge-
ometrical factor 2pipT are summarized in Table 2. The
experimental data for the transverse momentum distri-
butions of pi− and pi+ pions are well described by both
the Tsallis statistics and the Tsallis-factorized statistics.
At PHENIX energies the values of all three parameters
of the transverse momentum distribution of the Tsallis-
factorized statistics practically coincide with the values
of the parameters of the transverse momentum distribu-
tion of the Tsallis statistics. Thus, at PHENIX energies
the Tsallis-factorized statistics for massless particles sat-
isfactorily approximates the Tsallis statistics and can be
applied to describe the experimental transverse momen-
tum distributions. Note that the experimental data of the
PHENIX Collaboration for pi− pions were fitted to the
transverse momentum distribution of the Tsallis-factorized
statistics for massive particles in Ref. [10]. For massless
particles the temperature is slightly higher than the tem-
perature of massive particles. The radius R of the system
for massless particles is smaller than the radius for mas-
sive particles and the parameter qc is almost the same (see
Table 2 of the present paper and Table 1 in Ref. [10]).
Figures 3 and 4 represent the transverse momentum
distributions of pi−, pi+ and pi+ + pi− pions produced in
the pp collisions as obtained by the ALICE Collaboration
at
√
s = 0.9 TeV [27] and 7 TeV [28] in the rapidity inter-
val |y| < 0.5, and at √s = 2.76 TeV [29] in the rapidity
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Fig. 5. (Color online) Energy dependence of the temperature
T for the Tsallis ultrarelativistic distribution. The solid points
are the results of the fit by the distribution of the Tsallis statis-
tics for the pi−, pi+ and pi+ + pi− pions produced in pp colli-
sions as obtained by the NA61/SHINE [25], PHENIX [26] and
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Fig. 6. (Color online) Energy dependence of the radius R for
the Tsallis ultrarelativistic distribution. The notations are the
same as in Fig. 5.
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Collaboration Type
√
s, GeV T , MeV R, fm q χ2/ndf
NA61/SHINE pi− 6.3 85.78±10.79 4.047±0.235 0.9623±0.0142 2.821/15
NA61/SHINE pi− 7.7 79.05±8.01 4.304±0.204 0.9505±0.0107 1.472/15
NA61/SHINE pi− 8.8 82.01±9.28 4.294±0.212 0.9542±0.0123 1.821/15
NA61/SHINE pi− 12.3 75.47±7.41 4.627±0.253 0.9451±0.0083 1.152/15
NA61/SHINE pi− 17.3 95.83±6.38 4.798±0.246 0.9326±0.0166 0.865/15
PHENIX pi+ 62.4 97.62±11.92 3.744±0.648 0.9197±0.0093 1.654/23
PHENIX pi− 62.4 93.76±11.69 3.971±0.716 0.9184±0.0091 0.878/23
PHENIX pi+ 200.0 79.89±11.80 4.247±0.899 0.8894±0.0082 0.987/24
PHENIX pi− 200.0 87.20±11.48 3.823±0.714 0.8965±0.0081 0.691/24
ALICE pi+ 900.0 82.72±2.01 3.965±0.069 0.8766±0.0037 3.609/30
ALICE pi− 900.0 83.92±2.02 3.918±0.068 0.8790±0.0036 1.610/30
ALICE pi+ + pi− 2760.0 90.61±1.45 3.496±0.057 0.8726±0.0012 12.18/60
ALICE pi+ + pi− 7000.0 78.75±1.86 4.606±0.093 0.8533±0.0024 9.775/38
Table 1. Parameters of the Tsallis statistics fit for the pions produced in pp collisions at different energies.
Collaboration Type
√
s, GeV T , MeV R, fm q = 1/qc qc χ
2/ndf
NA61/SHINE pi− 6.3 99.59±7.32 4.045±0.234 0.9563±0.0190 1.0457±0.0208 2.825/15
NA61/SHINE pi− 7.7 96.93±6.49 4.300±0.222 0.9400±0.0171 1.0638±0.0194 1.481/15
NA61/SHINE pi− 8.8 99.37±6.29 4.290±0.204 0.9455±0.0172 1.0576±0.0193 1.838/15
NA61/SHINE pi− 12.3 95.92±6.29 4.619±0.228 0.9324±0.0170 1.0725±0.0196 1.175/15
NA61/SHINE pi− 17.3 95.83±6.38 4.798±0.246 0.9326±0.0166 1.0722±0.0191 0.865/15
PHENIX pi+ 62.4 97.62±11.92 3.744±0.648 0.9197±0.0093 1.0874±0.0110 1.654/23
PHENIX pi− 62.4 93.76±11.69 3.971±0.715 0.9184±0.0091 1.0888±0.0108 0.878/23
PHENIX pi+ 200.0 79.89±11.81 4.247±0.899 0.8894±0.0082 1.1244±0.0104 0.987/24
PHENIX pi− 200.0 87.20±11.49 3.823±0.714 0.8965±0.0081 1.1155±0.0101 0.691/24
ALICE pi+ 900.0 82.72±2.01 3.965±0.069 0.8766±0.0037 1.1408±0.0048 3.609/30
ALICE pi− 900.0 83.92±2.02 3.918±0.068 0.8790±0.0036 1.1376±0.0047 1.610/30
ALICE pi+ + pi− 2760.0 90.61±1.45 3.496±0.057 0.8726±0.0012 1.1460±0.0016 12.18/60
ALICE pi+ + pi− 7000.0 78.75±1.86 4.606±0.093 0.8533±0.0024 1.1719±0.0032 9.775/38
Table 2. Parameters of the fit by the distribution function of the Tsallis-factorized statistics for the charged pions produced in
pp collisions at different energies.
interval |y| < 0.8. The symbols represent the experimental
data. In Fig. 3, the solid curves are the fits of the exper-
imental data to the distribution function of the Tsallis
statistics (7). In Fig. 4, the solid curve is the fit of the ex-
perimental data to the distribution function of the Tsallis
statistics (7) divided by the geometrical factor 2pipT . The
values of the parameters of the distribution function of the
Tsallis statistics (7) and of the function (7) divided by the
geometrical factor 2pipT are given in Table 1. The values of
the parameters for the distribution function of the Tsallis-
factorized statistics (10) and of the function (10) divided
by the geometrical factor 2pipT are given in Table 2. The
experimental data of the ALICE Collaboration are well
described by both the Tsallis statistics and the Tsallis-
factorized statistics in the whole pT region. At energies of
the ALICE Collaboration from
√
s = 0.9 TeV to 7 TeV the
values of the parameters of the transverse momentum dis-
tribution of the Tsallis-factorized statistics coincide with
the values of the parameters of the transverse momentum
distribution of the Tsallis statistics. Thus, at ALICE ener-
gies the Tsallis-factorized statistics for massless particles
well approximates the Tsallis statistics and can be applied
to describe the experimental transverse momentum distri-
butions. Note that the experimental data for pi− pions of
the ALICE Collaboration at
√
s = 0.9 TeV were fitted
to the transverse momentum distribution of the Tsallis-
factorized statistics for massive particles in Ref. [10]. For
massless particles the temperature is higher than the tem-
perature of massive particles. The radius R of the system
in the case of massless particles is smaller than the radius
for massive particles. And the parameter qc for massless
particles is slightly smaller than the parameter qc of mas-
sive ones (see Table 2 of the present paper and Table 1 in
Ref. [10]).
The energy dependence of the parameters of both the
Tsallis distribution and the Tsallis-factorized distribution
for pi−, pi+ and pi+ + pi− pions produced in pp collisions
is shown in Figs. 5, 6 and 7. The values of the parame-
ters of the Tsallis distribution are compared with the val-
ues of the parameters of the Tsallis-factorized statistics.
The solid points are the results of the fit for the Tsallis
statistics. The open points are the results of the fit for the
Tsallis-factorized statistics. Figure 5 represents the energy
dependence of the temperature T for the Tsallis ultrarel-
ativistic distribution. It is clearly seen that the tempera-
ture T of the Tsallis-factorized statistics differs from the
temperature of the Tsallis statistics only at energies of
the NA61/SHINE Collaboration. The difference between
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Fig. 8. (Color online) The cut-off parameter N0 for the Tsallis statistics at two different energies. The behavior of lnφ(N) as
a function of N at
√
s = 12.3 GeV (left panel) and
√
s = 17.3 GeV (right panel), and different values of the parameter q. The
lines 1, 2, 3 and 5 are calculations for q = 1, 0.995, 0.99 and 0.9, respectively. The line 4 corresponds to q = 0.9451 (left panel)
and q = 0.9326 (right panel). Symbols represent the cut-off parameter N0. The values of the parameters T and R are given in
Table 1.
the values of these two temperatures disappears with
√
s.
The temperature T of the massless pions slowly decreases
with energy of collision. The values of the radius R of the
Tsallis-factorized statistics practically coincide with the
values of the radius R for the Tsallis statistics. See Fig. 6.
The radius R for the distribution of the massless pions
is independent of the energy of collision. The energy de-
pendence of the parameter q is represented in Fig. 7. The
transverse momentum distribution for the massless pions
has a power-law form and increasingly deviates from the
exponential function with collision energy, i.e. the param-
eter q is not equal to unity and decreases significantly with√
s. The evident difference between the Tsallis-factorized
statistics and the Tsallis statistics is clearly seen only at
low energies of the NA61/SHINE Collaboration. At higher
energies of the PHENIX and ALICE Collaborations this
difference completely disappears. Thus, we can conclude
that in the expected NICA and FAIR energy range, which
is close to the energy range of the NA61/SHINE Col-
laboration, the transverse momentum distributions of the
Tsallis statistics should be used instead of the transverse
momentum distributions of the Tsallis-factorized statis-
tics given in [5,6].
It should be stressed that the fitted temperature of
the Tsallis statistics for the NA61/SHINE data has an
unphysical jump at
√
s = 17.3 GeV. See Fig. 5 and Ta-
ble 1. Such a large jump in temperature may be entirely
explained by the mathematical properties of the Tsallis
statistics. The sums in Eqs. (1) and (4) for the Tsallis
statistics are divergent for q < 1. We regularize them by
the cut-off procedure described above excluding the un-
physical terms with N > N0. The number of physical
terms N0 + 1 in these sums depends on the values of the
parameters (T, V, µ, q). See, for example, Fig. 8. This num-
ber of terms in the sums (1) and (4) decreases discretely
up to 1 with increasing the deviation of the parameter q
from unity. One remaining term in these sums at small
values of q corresponds to the zeroth term approximation
of the Tsallis statistics, the momentum distribution func-
tion of which is equivalent to the distribution function
of the Tsallis-factorized statistics. Figure 8 clearly shows
that the sums (1) and (4) of the Tsallis statistics contain
two physical terms (N0 = 1) at
√
s = 12.3 GeV and one
physical term (N0 = 0) at
√
s = 17.3 GeV. Thus, the
change in the number of terms in these sums from two
to one for
√
s = 12.3 and 17.3 GeV leads to a jump in
the fitted temperature T of the Tsallis statistics. This is
not a physical result but represents a mathematical prob-
lem of the original Tsallis statistics[17,18] in describing
the transverse momentum distributions at high energies
because the divergent series of the Tsallis statistics are
truncated by the cut-off parameter N0, which depends on
the variables of state of the system.
3 Discussion and conclusions
In the present paper, the Tsallis statistics was applied
to describe the experimental data on the transverse mo-
mentum distributions of hadrons. We have numerically
compared the transverse momentum distribution of the
Tsallis statistics with the transverse momentum distribu-
tion of the Tsallis-factorized statistics and applied them
to describe the experimental data of the charged pions
produced in pp collisions at energies of the NA61/SHINE,
PHENIX and ALICE Collaborations. The parameters of
the Tsallis statistics and the Tsallis- factorized statistics
were obtained. It was found that the results of the Tsallis-
factorized statistics deviate from the results of the Tsal-
lis statistics only at low energies of the NA61/ SHINE
Collaboration when the values of the parameters q and
qc are close to unity. At PHENIX and ALICE energies,
which are higher, and when the values of the parameters q
and qc deviate essentially from unity, the Tsallis-factorized
statistics recovers the results of the Tsallis statistics. Thus,
we can conclude that in contrast to the Tsallis-factorized
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statistics the Tsallis statistics will be important to the de-
scription of the experimental data on the transverse mo-
mentum spectra of hadrons at the future NICA and FAIR
colliders.
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